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The second feature of the machine which is of major importance is that 
it exceeds the efficiency of the initial design estimates. 
established through a measurement of the inductance of the circuit components 
that 82% of the energy stored in the capacitors is transferred to the coil. 
This is a high efficiency for this size and type of machine, and it is attained 
through minimizing the stray inductance in the circuit. 
of the system excluding the coil is 5.7 nanohenries, while the inductance of 
the coil is 25.9 nanohenries. 

It has been 

The stray inductance 

After the machine was completed, debugged, and tested, initial data were 
taken which proved productive. 
Following this period of initial operation, manufacturer's errors i n  the 
main components of the system (capacitors and ignition switches), became 
evident, and these components were replaced, which caused a significant 
dam-time. As the report period draws to a close, the system is being 
readied for a new start-up. 
carry out sone of the diagnostic experiments to establish the physical 
properties of the plasma, and to continue on the main goal of the program, 
which is production and analysis of highly ionized spectra, 

Some of these will be described below. 

When we resume operation, we are prepared to 

Several of the diagnostic tools have either been constructed or are 
still in the shop. 
calibrated by Blake. 
of the plasma through a measurement of the bremsstrahlung edsslon curve 
below 20 A. 
ment are under construction by Wagner. The first is a Fabry-Perot laser 
interferometer in which the fringe shift produced by a laser bean traversing 
the plasma is measured and, through the index of refraction, related to the 
electron density. Another apparatus being constructed for electron-density 
measurement involves the determination of the absolute intensity of the 
continuum in the visible region of the spectrurn. This measurement, coupled 
with an independent measurement of the temperature, will yield electron 
density. In addition to these diagnostic tools, the neutron monitor and 
x-ray survey camera have been built by Blake. The x-ray spectrometer is 
atill under construction. This instrument will be used to observe the 
emission lines in the wavelength range below 100 A, thus giving a complete 
coverage of the spectrum frotn approximately 10 to 1100 A when used In 
conjunction with the vacuum W spectrograph. 

A two-channel continuum x-ray monitor has bean built and 
This instrument will be used to determine the temperature 

Two instruments to be utilized for the electron-density measure- 

During the initial period of operation of the theta-pinch plasma machine, 
the diagnostics in use included a single-frame image converter camera and an 
x-ray pinhole camera. 
observe the compression of the plasma and the onset of any instabilities which 
disrupt the confinement, or any drifts which force the plasm toward the 
containing wall. 
accumulated over many discharges, showed a stable, well defined, spetric 
emitting volume on the axis of the discharge tube. 

With the image-converter photographs we were able to 

The x-ray pinhole pictures of the plasma, which had to be 

The new data obtained by Deutschman with the jlintercgger vacuum spectro- 
graph fill some of the gaps in isoelectronic sequences which end on coronal- 
type calcium ions. Specifically, 30 new lines in the spectmz of S IX and X 
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and C1 IX, X and X I  have been iden t i f i ed .  
resonance l i n e s  between configurations 2s22pn - 2s2pn+l where n = 3, 4 and 5 .  
The same t r a n s i t i o n s  i n  Ar X, XI, and X I 1  have a l s o  produced an  add i t iona l  
15 l ines .  These l i n e s  of argon were j u s t  r ecen t ly  reported i n  t h e  literature. 
A l l  of our i n t e r n a l  consistency checks lead us t o  be l ieve  t h a t  w e  have more 
accura te  wavelengths on t hese  argon l ines .  
new l i n e s  i n  t h e  sodium-like spectrum of C1 V I 1  were discovered o r ig ina t ing  
on higher p r i n c i p a l  quantum number levels previously observed. 

These l i n e s  are inne r - she l l  

I n  addi t ion  t o  t h e  above, f i v e  

The new energy levels up through t h e  spectrum of argon allow improved 
ex t rapola t ions  for t h e  ground-term s p l i t t i n g s  of Ca XII, XIII, and XIV. 
However, by improving t h e  hea t ing  in t h e  plasma we hope t o  be a b l e  t o  measure 
d i r e c t l y  t h e  ground-term s p l i t t i n g s  of t hese  ions. I n  the  spec t r a  produced 
80 f a r  Ar X I I ,  with an ion iza t ion  p o t e n t i a l  of 539 ev, represents  t h e  h ighes t  
i on iza t ion  yet observed i n  our p l a s m  source. I f  we are t o  produce, say 
Ca X I V  with an ion iza t ion  p o t e n t i a l  of 727 ev, then we must increase  t h e  
temperature of t h e  plasma. 
which we hope w i l l  increase t h e  heating. F i r s t ,  t h e  energy of t h e  pre- 
i o n i z a t i o n  bank is being increased. 
and allowed to r i n g  out  before t h e  main 45-kilojoule bank is f i r e d .  
purpose of t h i s  is t o  produce i n i t i a l l y  a highly ionized plasma so t h e  energy 
of t h e  main bank w i l l  be put t o  most e f f e c t i v e  use,  so t h a t  t he  energy w i l l  
be used i n  hea t ing  t h e  plasma ra the r  than ion iz ing  the  hydrogen. 
i n  t h i s  new pre ioniza t ion  bank is 2800 j ou le s  a t  20 kv compared t o  the  400 
j o u l e s  used previously. Second, we w i l l  a l s o  add a reverse b ia s  capac i tor  
bank, This system w i l l  be discharged before both the  pre ioniza t ion  and 
t h e  main bank. Here t h e  purpose is t o  i n s e r t  a magnetic f i e l d  i n t o  the  
plasma i n  reverse p o l a r i t y  t o  the  f i e l d  produced by the  main bank. The 
magnitude of t h e  magnetic f i e l d  i n  the  reverse b ia s  bank w i l l  be of t he  
order  of 2 t o  8 kG compared t o  t h e  80 kG of t h e  main bank. 
of t h e  reverse b i a s  f i e l d  has  been proved t o  increase  t h e  f i n a l  hea t ing  
through t h e  incompletely explained phenomenon of ann ih i l a t ion  of magnetic 
f i e l d  l i nes .  

Two improvements w i l l  be made t o  t h e  t h e t a  pinch 

This pre ioniza t ion  bank is discharged 
The 

The energy 

The presence 

I n  our work so far w e  have developed t h e  view t h a t  t he  bes t  way t o  
analyze t h e  spec t r a  is t o  s ta r t  i n  an i soe lec t ron ic  sequence of a s t r o -  
phys ica l  i n t e r e s t  a t  t h e  poin t  where t h e  accumulated da ta  cease t o  e x i s t .  
From t h e r e  w e  attempt t o  extend the  sequence experimentally s t e p  by step.  
This  is i n  c o n t r a s t  t o  t h e  usua l  technique of extending t h e  da ta  by 
t h e o r e t i c a l  ex t rapola t ions ,  which a r e  f requent ly  prover. t o  be g r e a t l y  
i n  e r r o r .  
a s u f f i c i e n t  range of energy ava i l ab le  t o  produce a wide rhnga i n  ion iza t ion .  
Most important, these sources appear t o  be i d e a l l y  s u i t e d  t o  gemrote spec t r a  
similar t o  t h a t  of t h e  corona. 
i n  d a t a  i n  Char lo t t e  Moore's t ab l e s  of a ton ic  energy levels. 

With t h e  t h e t a  pinch and t h e  high-voltage spark source we have 

These spec t r a  are needed to f i l l  t he  gaps 

I n  conjunction with t h e  experimental work the  t h e o r e t i c a l  program 
based on a Hartree-Fock computer ca l cu la t ion  has beguz. 
is car ry ing  out  t h i s  work. 
energy-level ca l cu la t ions  t h a t  can be compared with t h e  exper izenta l  r e s u l t s .  

Davies-Jones 
The goal is to  provide purely t h e o r e t i c a l  


